Background: Although smokeless tobacco (SLT) use is prevalent in South Asian countries including Bangladesh, information about the pattern and correlates of SLT use is scarce. This study described the pattern and predictors of SLT use among Bangladeshi adults.
Introduction
Smokeless tobacco (SLT), a general term used in the United States for chewing tobacco and oral snuff products [1] refers to those indigenous smokeless tobacco products that are most frequently used in South Asia, including but not limited to paan, paan masala, zarda, betel quid with tobacco, and gutka [2, 3] . SLT can cause oral cancer [4, 5] and nicotine addiction [6] and is associated with several other health conditions including oral pain [7] , cardiovascular diseases [8] , hypertension [9] , diabetes [10] , loss in bone density [11] , and problems during pregnancy and following childbirth [12] . Of the estimated 300 million SLT users globally, 27 million are Bangladeshi adults [13] . The World Health Organization (WHO) estimated that 57,000 people die each year from tobacco-attributable (almost all of it in the form of cigarette smoking) diseases in Bangladesh [14] . In a recent study, Alam et al. reported 25% of all deaths in Bangladeshi men aged 25 to 69 years are attributable to cigarette smoking [15] . These mortality rates underestimate total mortality attributable to tobacco because many Bangladeshi men and women use smokeless tobacco [16] . However, these mortality rates provide an estimate of the bigger public health problem associated with tobacco and smokeless tobacco use in Bangladesh -the world's seventh most populous nation with a population of 150 million. The total cost of SLT-associated diseases in India was US$389 million in 2004 [17] , suggesting a high economic burden from SLT use in Bangladesh too. These health and economic consequences underscore the need for urgent public health action to avert the tobacco and SLT-attributable morbidity and mortality in Bangladesh.
Bangladesh has a long history of tobacco use and a variety of ways in which tobacco is smoked and smokeless tobacco is used [18] . The limited data that are available on SLT use in Bangladesh indicate an increasing trend in both male and female adults (aged 15 and above). SLT use has increased from 19.7% (14.8% male and 24.4% female) in 2004 [19] to 27.2% (26.4% male and 27.9% female) in 2009 [16] . By converting these percentages in numbers, we can estimate that the number of SLT users increased by 9 million in five years (from 17.3 million to 25.9 million). Historically, prevalence of smokeless tobacco use is greater among women than among men. However, the growth in SLT use was greater among men during this period.
While these nationally representative prevalence data on SLT use illustrate the magnitude of SLT use in Bangladesh, the sociodemographic, environmental and behavioral level predictors of SLT use are poorly understood. A case-control study of 704 SLT users examined respondents' perceptions and experiences of SLT use and reported associated factors of SLT use: older age, women, widowed, less educated, housewives, and lower socioeconomic status [20] . However, this study was conducted among hospital patients and in an urban setting, limiting it's representativeness at the national level. There has been no comprehensive study on the pattern of SLT use, the determinants of usage or on the correlation between SLT use and smoked tobacco in Bangladesh. Given the paucity of such data on SLT use in Bangladesh, this study examined the patterns and predictors of SLT use among Bangladeshi adults by using data from the Wave 3 International Tobacco Control (ITC) Policy Evaluation Bangladesh Project.
Methods

Data source
Data analysed in this paper came from the Wave 3 ITC Bangladesh (ITC BD) Survey conducted between November 2011 and May 2012. A detailed description of the ITC BD Survey can be found elsewhere [21] [22] [23] . Briefly, the ITC BD Survey is a prospective cohort survey of a nationally representative sample of tobacco users and non-users conducted in all six administrative divisions of Bangladesh: Barisal, Chittagong, Dhaka, Khulna, Rajshahi, and Sylhet. The target population of the ITC BD Survey consists of users and non-users of tobacco who are 15 years or older. The Wave 1 survey was conducted in 2009 using a multistage probability sampling design. The total sample consisted of two sub-samples: a national sample designed to represent the population of Bangladesh and an urban slum sample, designed to represent the urban poor population of Dhaka. The national sample selected 23 of the 64 districts covering Bangladesh with probability proportional to population size. Another three districts were chosen purposively to include the tribal populations (Garo and Chakma) and a border district between India and Bangladesh. Within randomly selected districts, two upazilas and two villages within upazila were randomly selected, again with probability proportional to population size. A total of 80 villages were selected for the national subsample. Villages contained 300-600 households; a maximum of 450 households per village were enumerated. Households from the enumeration were randomly selected to participate in the Wave 1 survey. The use of a multi-stage probability sampling design guarantees that, in the sense of the theory of probability sampling, the sample is geographically representative of the Bangladesh population.
Household enumeration was conducted to determine basic sociodemographic information of household members as well as tobacco use status of all household members aged 15 or older. Based on the enumeration survey, households were classified into socioeconomic tertiles using a CASHPOR Housing Index. Within each tertile, 10 households having at least one smoker and three households having all non-smokers were randomly chosen to participate in the survey and approached to be interviewed; households that did not respond were replaced. A total of 31,137 households were enumerated in Wave 1, containing 92,853 adults. Of those enumerated, 2000 households were randomly selected for the main survey. One randomly selected adult was interviewed in non-smoking households. In smoker households, all available smokers were selected along with one randomly selected nonsmoker.
In the urban slum subsample, 552 households were selected from six urban slums within the city of Dhaka and its surrounding areas. Unlike the national sample, the urban slum sample was designed as a cross-sectional survey due to the insecure nature of housing arrangements in urban slums. In each of the slums, a random starting point was identified and all households in a row were interviewed until the designated number of households for that area had been interviewed. One non-smoker was randomly selected to be interviewed in each household along with all smokers.
Sampling weights were computed for all respondents so that the final sample is broadly representative of the Bangladesh population of adults aged 15 or older. Sampling weights were calibrated to population estimates within predefined geographic and demographic groups (see Wave 1 technical report for more information about the construction of sampling weights).
In Wave 1, 5,771 respondents were interviewed: 1137 were from the urban slums, 256 were from tribal & border areas, 598 were from the city of Dhaka and 3780 were from areas outside the city of Dhaka. Of the 5,771 respondents, 3111 were smokers and 2660 were non-smokers. In Waves 2 and 3, respondents lost to attrition were replaced with newly randomly selected respondents, using the frame of households enumerated in Wave 1. Retention rates were very high from Wave 1 to Wave 2 and from Wave 2 to Wave 3 in the national and purposive samples. Overall, 94% of Wave 1 respondents (not from the urban slums) were re-contacted in Wave 2 while 90% of Wave 2 respondents were re-contacted in Wave 3. None of the Wave 1 slum subsample was followed to Wave 3 so that in Wave 3, 1055 new respondents were recruited to participate in the Wave 3 survey using the same sampling protocol followed in Wave 1 for the slum subsample.
Data were collected using face-to-face interviews. Sampling weights were computed so that results are representative of the Bangladeshi adult population (15 and older) .
In all the waves, written consent was obtained from those respondents who can read and write; others gave consent with fingertips. Ethical approval was obtained from the Office of Research Ethics at the University of Waterloo (Waterloo, Canada) (Number. 15019, dated October 03, 2008), and the Ethical Review Committee, Bangladesh Medical Research Council 
Measures
A standardized Bengali questionnaire was used for data collection. Details of the questionnaire are described elsewhere [22] . Briefly, the questionnaire obtained information on the subject's socio-demographic background (sex, age, religion, residence (Dhaka non-slum, Dhaka slums, non-tribal/non-border areas outside Dhaka and tribal/border areas), marital status, educational attainment, personal monthly income), whether there are any children (aged 14 or below) at home, smoking behavior (non-smoker, exclusively cigarette smokers, exclusively bidi smokers, dual users), use of any smokeless tobacco (SLT), and any other smokers or SLT users at home. SLT users were those who answered ''yes'' to the following question: ''Do you currently use any smokeless tobacco products at least once a week?''
Knowledge of the health consequences of SLT use was also assessed, along with attitudes towards SLT use. To measure knowledge of the health consequences of SLT use, respondents were asked: ''Based on what you know or believe, does SLT cause…?'' Respondents were then read a list of three diseases or conditions (mouth cancer, gum disease, difficulty to open mouth). To measure attitudes towards SLT use, respondents were asked whether they believe SLT is addictive (with response categories of ''strongly agree, agree, neutral, disagree, strongly disagree''), whether SLT is less harmful than cigarettes or bidi (with response categories of ''less harmful, more harmful and no difference''). Respondents were also asked about societal attitudes (with response categories of ''approve, neutral, disapprove''), whether SLT is acceptable for women (with response categories of ''strongly agree, agree, neutral, disagree, strongly disagree''), and their overall opinion about SLT use (with response categories of ''very good, good, neutral, bad, very bad'').
Analyses
The analysis presented here uses descriptive statistics appropriate for complex survey data to estimate the prevalence of current SLT use among Bangladeshi adults. Differences in the prevalence of SLT use across socio-demographic categories and by attitudes toward SLT use were tested using the Rao-Scott chi square test. A logistic regression model then examined predictors of current SLT use. Initial predictors were selected on the basis of the bivariate associations tested with the Rao-Scott chi square test. A backward elimination procedure was conducted within a logistic regression model to select covariates related to current SLT use, using a pvalue for inclusion of 0.05 or below. Variables used in construction of the sampling weights (sex, smoking status, and area of residence) were forced into this model to reduce biases in the other coefficients. The final selected model was refit with a weighted logistic regression model that accounts for the stratified multi-stage survey design. The analysis was conducted using the complex survey routines (PROC SURVEYFREQ and PROC SURVEY-LOGISTIC) available in SAS Version 9.3 to account for the stratified multi-stage survey design. The only exception to this was the analysis conducted for the selection of predictors of SLT use, which was run using PROC LOGISTIC. Unless otherwise indicated, all results presented in this paper are weighted. In each case, an unweighted analysis was also conducted; since there were no appreciable differences between the two sets of results, only the weighted results are reported here.
Results
Sample characteristics
A total of 5522 respondents were interviewed in the Wave 3 of ITC BD Survey; 72% were recruited in Wave 1 (Table 1) . Overall, two-thirds (66.4%) of the sample was from non-tribal, non-border areas outside Dhaka and a greater proportion (59.6%) of the sample was male. Most respondents were married (82.1%), Muslim (83.3%), and had at least one child in their home who was 14 years of age or younger (72.6%). Of the respondents, 36% were non-smokers and 20% were current SLT users ( Table 1 ).
Pattern of SLT use
As shown in Table 2 , SLT use was significantly higher in women (23.1%) than men (16.5%) and among those who were illiterate (31.9%) than having 1-8 years (21.5%) or 9 or more years (8.6%) of education. SLT use increased significantly with age: 36% of adults aged 55 and older used smokeless tobacco compared to only 8.5% of adults younger than 25. SLT use was also higher among those who lived in a Dhaka slum (29.9%) and among those living in non-tribal/non-border areas outside of Dhaka (20.3%).
Attitudes toward SLT use
As shown in Table 3 , Bangladeshis held differing opinions and attitudes towards SLT use. Bangladeshis who believed smokeless tobacco was less harmful than smoked tobacco (cigarette or bidi) were significantly more likely to be current SLT users. Likewise, Bangladeshis who believed that society approves of smokeless tobacco use were significantly more likely to use SLT (40%) than those who believed society disapproves of SLT use (16%). A significantly higher percentage of respondents (43%) who agree that it is acceptable for women to use SLT currently use SLT themselves compared to only 16% of those who do not agree. A significantly higher proportion of those who believed that SLT use is addictive were current SLT users (20%) than those who did not believe so (9%). odds of using smokeless compared to people who thought smokeless was more harmful than cigarettes (p = 0.014) (omnibus test).
Predictors of current SLT use
Discussion
This study examined the socio-demographic and attitudinal factors associated with SLT use and found that one in every five Bangladeshi adults use SLT. Our sample is nationally representative as the distribution of respondents by division, age group and sex compares well against census estimates from Bangladesh for 2011 (Table S1 ) [24] . Our findings have some variations with the two earlier studies [16, 19] . As there are methodological differences across studies, a direct comparison of rates needs to be interpreted cautiously.
Our findings show that the overall prevalence of SLT use (20%) is identical to the WHO 2004 study (19.7%) [19] . However, the prevalence of SLT use in our study is lower than the reported estimates (27.2%) in the GATS 2009 study [16] and another 2009 estimate (29.6%) [25] . These differences might be due to the methodological differences across the studies and the timing when the survey was conducted. Moreover, wave 3 survey was conducted in 2011; during the period when several tobacco control programs were funded by the Bloomberg Global Initiative. However, in both the GATS survey and our survey, we observed an apparent rise compared to the rate of 2004. This increasing trend might be due to the increasing taxation on cigarettes, as people from low socioeconomic status smoke more and are responsive to price [23] and the relatively low cost of SLT products. This might be also due to the lack of public awareness and inappropriate knowledge about the harmful effects of SLT use. Also, currently most anti-tobacco campaigns in Bangladesh focuses on cigarette or bidi smoking without any information about SLT use. This creates an opportunity for SLT being offered as an alternative tobacco product for smokers to use instead of cigarette or bidi. This alternative product would be appealing to many smokers who are dependent on nicotine or those who wanted to quit smoking. In this study, 9% of all smokers who had reference to SLT specifically. The rules for the Amendment are in the process of drafting and yet to reflect the measures targeted to SLT control. The oversight of SLT control in the TCA is one of the many reasons that have contributed to the growth of SLT consumption in Bangladesh.
The increased likelihood of SLT use among the illiterate and less educated Bangladeshis may indicate that similar factors are involved in the initiation of SLT use and smoked tobacco among Bangladeshis [16, 19, 22] . Similar socioeconomic differences in SLT use were also reported in India [26, 27] . In an earlier study, we reported that Bangladeshis with low socioeconomic status were more likely to be exposed to tobacco smoke pollution [22] . It is likely that less educated Bangladeshi adults are less aware of tobacco or SLT-related health hazards and find themselves in conditions which predispose them to use SLT. It is also possible that the limited anti-tobacco educational campaigns available in Bangladesh are not reaching this group of people. Also, the sale of SLT products is not monitored cautiously in Bangladesh making it easier for manufacturer and retail stores to promote the products openly to specific populations. Further studies should explore strategies that are used to promote SLT in Bangladesh to guide the development of policy measures.
In this study, Bangladeshis who believed SLT use was less harmful than smoked tobacco (i.e. bidi) used SLT, suggesting that low perception of risk played a key role in encouraging them to use SLT. In other studies misconceptions about the harmlessness of SLT use have led to increased social acceptability and uptake of SLT products [28, 29] . Future prevention strategies should focus on increasing Bangladeshis' awareness of the relative harms of all tobacco products including SLT use.
The observation that SLT use increases with age is consistent with previous reports [16, 19, 26] . This increased likelihood of SLT use is related to the social acceptance of SLT use by the older people and a greater appeal of cigarette among the younger generations who may be taking up smoking instead of SLT use. Also, this may be due to increased level of nicotine addiction among the population. Following the addiction theory [30] , one might have used SLT in few social occasions hooking him/her to the nicotine to develop dependency; overtime he/she will experience growing craving for nicotine and the need for SLT or other tobacco products. Some of this population might switch to tobacco or other smoked tobacco products and some would continue with SLT use. A good proportion of tobacco smokers or quitters may also supplement their tobacco dependency habit by SLT use. In this study, a small proportion of cigarette (4.4%) or bidi (9.2%) smokers who made a serious quit attempt used SLT to support their efforts. Use of SLT may provide a supplementation or substitution of nicotine intake for cigarette smokers [31] encouraging their continued use; this scenario could be particularly true in situations in which smoking is not socially acceptable, but SLT use is.
This study had several limitations. First, because of the crosssectional design of the study only associations could be explored without any causal relationship. Second, all data on the use of SLT were based on self-reports collected by using an intervieweradministered structured questionnaire. Due to social stigma associated with tobacco and SLT use, people may under-report SLT use [27] . However, self-reported SLT use among adults is a reliable measure and has high agreement with biochemical assessment [32] . Finally, data were collected by trained interviewers who followed written interviewer guidelines. Any difference between their understanding and explanation of the questions asked could result in bias in information collected. However, such bias was minimized by the periodical observation of interviews by the senior research team members and bi-weekly meetings with the interviewers during which any unusual observation was discussed and resolved. Despite these limitations, our study provides recent information on the use of SLT among Bangladeshi adults, which would support evaluation of tobacco control policies in Bangladesh and development of appropriate intervention measures.
Conclusion
In conclusion, this study identified several important predictors of SLT use in Bangladesh, including being female, increasing age, being illiterate, residing in the Dhaka slum or non-tribal/ non-border areas outside of Dhaka, holding positive opinion towards societal approval of SLT use or SLT use by women, and believing SLT is less harmful than bidi. Findings from this study suggest that coordinated efforts of governmental and nongovernmental organizations, targeting both smoked tobacco and SLT use reduction and cessation, could be modified to reach each level of population including those who are marginalized, female, less educated and elderly. As most tobacco control programs target mainly cigarette or bidi smoking, coordinated programs are needed that will also include SLT use within the tobacco control policy and prevention strategies. Future studies, possibly qualitative in nature, would be useful to understand the environmental, cultural and societal factors associated with SLT use, particularly among women and among the residents of a Dhaka slum and non-tribal/non-border areas outside Dhaka. Future research should understand the depth of beliefs about SLT use among the public and identify potential interventions that would be acceptable to them. Given the wide acceptance of SLT use by women in Bangladeshi culture, interventions to raise awareness of the harms of SLT use should target women as a key group. At the same time, national programs should focus on changing social norms by addressing inappropriate attitudes and perceptions of risk towards SLT use among the Bangladeshis. Similar to the effective policies for smoked tobacco, policies such as increasing excise tax and restricting marketing of SLT to targeted population including minors, should also be initiated. These interventions should complement the existing intervention strategies aimed at reducing SLT use among the public in Bangladesh. 
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